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ADEVICE FOR REMOVING ELECTROSXAHC CHARGES ON AN 
OBJECT USING SOFT Z-RAT 

BACKGROUND pyTm; INVENTTON 

TTiig mvBjitiott relates to techoiiiiifirf» 

Especiany,thisinveirtioii discloses tBcM ^ 

by using soft X-iay and ceiamio having siiperior ibsmua characteristics and > 

ttujgsten m ei«jtroiaatio diarge g(^^ ^ 

10 eiuages efiKictivefy |^ 

O 

o 

DESCRmtON OFTHie nTa.^'T^;^ ap^o 

Generally fa LCDj PDP and semicoodnctor ptoots^, nuHute Oasts 
adheres to LCD. PDP and semicondnctor wafers aecwding to 4e generaiion of 
15 elecWatic cHargeg or the dusts cause paacm dfislructiQn accoiding to the. 
disohaige of electiostalic oluirg&s and lowering of yield of pnodacts sad 
TTiCTiyfacturing cofits imaisase. 

At pteseat in sbdi inooeases as means for remov^i of electrostatic chaiges 
ion bar aiad ion blower ate Twed that generate 
20 dewcegtaemtes ions by corona discharge and 

off ionized air. In such ptooesses metallic aundie particles under O.Qltxm are 
generated very much (hundreds of thousands of partides/fP) at the end part of 
disohaige electrode by the spattermg phenomenon aceordmg to the high voH^ge 
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dischflige aad adhere to it and are separated by forced ctmveo&m acoarding to a fim 
Mid adheres to the surroundings of Lcao, PDP and scmicondiictor patterns to cause 
inferioihy. 

03 gHses (ozone) g«afiated by high voltage generation reach 4 ~ lOppm 
5 BQd accelewte ffie adhetence of nnnrte dnsts as wdj the balance of gencufled + 
ions and - Jons Changes ftequently to iea4M the ion bajance evay lim^. 
Acooidingly if became necessaiy to get a new t«amiqiic to remove eleefeostaJic 
charges that does not generate miinite dusts and does not 

Fig. 1 iUuati^ the principle of icmoval of electricity of fyjatsal voltage- 
10 ^yiag type eledtitosfatic remover according to the ]^or *t As shown iu the 
figure Mgh voltage (10) is applied to ion generation disbhargbg electrode am g<u>ea 
near dischaiBe electrode C20) are iom»d hy earona discharge betweeti discha^ 
hoiy (40) and eleoltode and + and - ions are generated: Mmsim^ electrostatic 
ohaiges can be nemnJized IV the gcneiHted + or - ions. 1^ 
IS genemted. by Hie above mefliod. Accordingly it became necessilQr to get a new 
tedffliquc to rmtfve eOeclioatatic e^ 
does not need air convection 

On flie «ther hand nowadays bioscience fields grow rapidly with flie 
development of dectronio technologies of Ingh predaion systelg, and are based on 
20 air cleaning fedmology for fbrndag a clean xocim 

gcimleas. However if there exists a discharging body in such « deau room, 
eleclrostatic charges become a cause of poUation because mmute dnstfe ate absorbed 
and adhere to it by eleeboataixc fcrce. Accotdingly elepttoatatic charges that absorb 
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dusts and adhere it become one of main elements .aflB&ctmg to yield of products in 
clean room like LED, PPP and semiconductor processes. Especially in 
msnofacturing of ultza latge ScAt integiaiied circuit (ULST), plasma display paiiel 
(PDP) and thin film tramsistor-liquid crystal, display (TFT-LCD), elediostatio 
5 chifflcges are electrified easily because SiOi or glass surface is . higb - insulator. 
Mectrostatlc charges generated in Hie processes lower the reliability of prckiucts as 
well as become «l direct cause of lowering tbe yield of products. like tins, the 
poUudon of adbefeilce of floating- Tptmiie pacficles according to tfa,e electrostatic 
charges becomes a very Ing obstacle to £ne plrocessing tectmiques of 
to semiconductors and only a little pollution may cause a sedous affect to die 
chatacteoristics of semicondnetoxs. Accordingly the necessity of a new charge 
xempving method in order to remove electrostatic chatges is risiiig. 

US patent 5^49,849 is a prior art of iSis field, this patent jelates to an 
15 electrosta^c charge remover usiug X-ray generator. A cleotrostelic charge lemoyet 
. according to fliis patent has a protective case, an X-ray tube genmling soft X-tay,' 
power source device and the X-ray tube has a bulb^ a cathode, an output window> dn 
ou1J)ut snpport a flange pordon, a target and the itmer componc^nts of the X-ray tube 
and the protective case are cnnngcted thermaUy and electrieally 
20 Japan^e patrat 29S1477 iis anofher prior art of this field, this patent 

relates to an eledFOStatic charge removing techmi]ue and removes electiostatic 
charges of a predetermined charged body und^ the circumstances including the 
ions by having a target at inner part of itself to which a predetermined target 
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voltage and current are given at a position where X-ray is m-adiated as £br 
circumstances where a predetecmined charged body is azrayed as ^weU 
an X-ray tube having a Be v^dow and ioziizing elements included in the 
drcumstances of the area, on which X-ray having main wavelength in the range of 
5 2A'*'20A is ixxadiated from the Be window. 

However in the above pA6r arte ihe wavelengQis of general X-iay was 
long and the liiezmal characteristics of an X-ray generating device was not superior, 

SCTViMARY OFTHE mVENTTQN 

10. A fireferable emtiodim^ of an electrostatic dorge remover using soft X- 

lay comprises: 

a head part neutraliang and weakening deptxostatic chaiges of bodies that 
are objects of removal of eledrostatic Ghaxges by generatilig soft X-iay having 
waVdattgfhs in the range of 1,2A.- 1.5A with high ^atieiJgy a soft X-ray tube 
15 that is an ion generating tube using thin film of Be ev^ 

mafadal. and iosizizig gas molecules direcfiy and also tetaoving electrostatic 
(teges in fltmoqxh^re of inert gases (Niz, Ax); 

a scft X-ray protecting part wra^jping said head jpqit and preventing that 
soft X-ray is leaked ftom said head part in orIct that woiker may not be bombed by 
20 radiation; 

a power controlling part being connected to said head part and said soft X- 
ray protecting part electrically and providing target voltage to control the ion 
generation of filament Voltage of a soft X-iay tube a|Ld so jft X-ray tube Witii the soft 
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X-ray tube in order to control the ion generation so tliat said head part may generate 
. soft X-ray appropriately^ and 

Avherein it is 6ha£actexized in -ttiat said xraiover removes the electrostatic 
oha^es on the surface of charged bodies by generating ions or electrons by ionizing 
5 gases suiiouading charged bodxesv. 

It is preferable i^ the iMseni invention 

is made of iron plates with thickness of Inun and an inlerlock switch controlling 

^^fa^thex said po^ver GoxdroUing part ojpeiaies or not and a door piittiDg (m/aS said 
10 interlock switch are installed in said soft X-xay protecting part ior safety and in a 

state said door is opened, said head part does not gezlerate 3bfi X-ray. 

It is preferable in fbj^ present invention that said power conttolliog part 

conix&ls ditode voltage (target voltage), abd filftrriftn t oircfisnt by iwtng p'VTM 

modulator and pulse widGh controlling method land switches to a fre^tieiidy of 
15 30KHz by constructing a half bridge dicuit with FET and the PWM modulator aad 

the half bridge circuit are mounted for filameat poTver tod abode voltage generation 

respectively. 

It is ptefdrkble in the present invention that anode voltage generating part 
of said power controlling part is fbd-back through tube voltage sensor and joiiakes a 
20 faxget dperate at constant voltage of and a separated transformer being a 

constant voltage source device to a filament cutretrt is fed-back dacough a filament 
current sensor and a tube current sensor and makes a filament operate at constant 
cuir^^nt of ISOjuA and ciaient is fed-back dironjgh a tube currrot sensox a&d the 
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generated quantity of tbe soft X«-ray does not change although it is used for a long 
tirnft, 

It is pteiezable in the ptesent invention that said anode voltage generating 
part of said power controlling part comprises: 
5 a high transforaiGr generating high voltage; 

a tube voltage sensor deteetmg hi^ voltage genesrMed by said hi^ 

a high voltage doubling r^otiGe^ \vherein Vpltage is fed-back to said 
rectifier through said tube voltage sensor and said rwttfier opex^ates at a constant 
10 voltage; 

a transf onner generating filament current; 

a filament current censor detecting filament cttfr^. getieiratcd by siaid 
tcaxisfozoxidr; and 

a part inletthig electric vrircs by msiflaling fiom high voltage and lEbdng 
15 eeramicsojft X-ray tube. 

It is preferable in the pres^ bveation that said soft X-&y tube eon^^lts of 
vaouom tubes for gederating soit X-ray )yy geaeratuig iQO$ and a cetamic tube is 
iised for confrolling heat general 

It is preferable in die present mvention tibat fhe effective mmciTrnmi 
20 installadon distance of said electrostatic removegr is 2000xam. 

- It is preferable in the present invezrtioft tbat said ttmtivtt ionizes 
surrounding gases near a charged body to generate ions or electrons and removes 
electrostatic charges on fhe sut&ce of said charged body. 
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A preferable embodinMsnt of a soft X-ray tube manuacturing method used 
in an electrostatic charge remover nsiug soft X-rajF removes electrostatic charges on 
the surface of a chMgod body by gcDfflating ions or eleoto 
with hifiji energy (wavelengfii in the range of 1^ ~ and' ionizes gaseous 
5 molecules directly to remove electrostatic charges in inert ga^es loo and ionizes liie 
sutroioiding gases near the ohaiBj4 body, and the methoff^ 

painlmg Mp-Mn paste wifli nUk screw on ceramics to get met«Uizifig coat 
of a cenmiic tube and then heafing Mo-Mh paste imder hydrogenons circumtoces 
at l,350°C for two honrs and cooling said heated Mtf-Mn paste; 
10 Pla*J«8»<»-^l**te>b^cradkelonsaWin)B^^ 

deciding a filimusnf s diametct accoiding to the qnaatity of electrons to be 
geaaated alter said nickel |dating and tqining the filament awund a ronnd sleel bar 
ptedetennined times andpiilKng the bte QTit of fflfl^ 
vdthLahaO; 

15 coatiDg Aaode material on a Be window plate after said LaBaO coating, 

A^jwreinthe cdgcto be btazBdis leftnot to ba coated and accotdiAgly filler mrtal 
oonaisting of Ae of 73% and Cu of 27% flows oyer said coated aobde smface and 
pieyBDts the efficiea^ fiom dropping 

coating W over the Be window plate by using, a filtered vacuuia ate source 
20 (I^AS)coatuig device afier said ano(fe material coating; 

peifonning high vacuum btazmg by using an eacdusive vacuum furnace 
and healing yxp tempciaturc i^ to 900'C by nuing a Mo heatcar and increasing degree 
of vacuum up to 4 x 1 0 Totr by using a turbo molecular pump and a rotary pump; 
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making vacuom ejdiaustidii of a tube up to a praktcnnined d^ree 
smootbly in case of brazing jtmction and making eveiy material melt and fomi a 
body if temperature is over a melting point and embossing filler metal and brazing 
said embossed fOler metal in order to keep the degree of vacunm as high as 
s possible; fmd 

inserting a getter that is degassed at 450°C as a non evaporable getter 
consisting of Zr-Ni-V-Fe material positioning near an inner cafhode and actryated in 
ordei to increase tiie lifb of tabe. 

. It is preftiable in present imreotion tiiat saM gettt* is fe^ 
10 sutfeoe of a Ti cylinder ofacaflwdclvwlding in case of fittjto^^ 

said axstrvated getter absorbs gases generated at &e inner space of a.closed tube and 
accordingly the degicB of vacuum is fcqpt fiir a long lime and the life of said tube is 
psolonged. 

It is preferable in flie jjiesent invention that iaiget voltage is 9.5KV and 
IS filAnentcunentis ISO;^ in order to geneiaie soft X-iay. 

MTygl^Trgr TUFTION Off THE DRAWTNgq 

An object of the presant iaventiian in order, to solve the problems of the 
prior arts operating as in fhe alx»ve is to provide a device to removii^ 
20 diarges on olgecta using soft X*ray tiie diaracteristic wavelengfii of fliat is 1 and 
diat is suitable fcr removing electrostatic charges stored on the surfeces of glass 
hteadboards and -wafers among dean rooms like LCD, PDP and semiconduotbr 
processes. 
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The pdtticiilar features and advantages of the inventLon as well as other 
objects wll became qipatent &dm the foUo^g de^ption tailcen in cozmecticti 
with the accompanying dta^rings, in which: 

Fig. 1 illustrates the principle of removal of electricity of voltage-applying 
5 type eleotro&tatL&x^OYCTaccazdmglo the prior 

Fig. 2 illustrates tile structure of a device for removing electrostatio chaig^ 
ati an object using soft X-itiy according to an embodiinezit of the pKs&Bt invention; 

Fig. 3 illustrates, a block diagram of an emhodiment of the structure of a 
power conlzol pan according to ti» present 
10 Fig. 4 iUustrates the inner stnictore of soft X-'tay tub^ used in the present 

invention; and- 

Fig, 5 illustzates the ion generatmg prinoiple of iChe soft X-my generator 
£^pfied to ^ present iiiTOntLoa 

< Simple explanation abotd important peits of dtawtngs > 
15 10: AC high voltage 

20: dischaige electrodes 
. 3O:i0agroi:^ 
40: a charged body 
100: a head part 
20 ISO; toil gexieiftting tube 

151: a Window part 
152,154,158: Filler metal ring 
l5d: Anode plate 
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155: Ceramic cylinder 
156: Titeiaiiunfoil Qylixul^ 
157: Tungstea filament 
159: Ceramic pin head 
200: soft X-iay pxTtectrng part 
210:doof 

220; interlock switch 

300: power CQotiol' pact 

310: PWM modulator 

320: FET Bridge carcttit part 

330: Filament cmrent sensor part 

340; voltage traBSfomi^ (Target poiver paot) 

350: higii voltage rectifier (Taxget pow^ reclifi^) 

360: separated tranfiformer (Filament power part). 

370: tube voltage sensor (Taiget voltage $^»so3C part) 

380: tube cinent sensor (I^eet ciitc^ sensor p^^ 

390: Reference comparator 

400: optical ionization device 

S410: Stabilized atomic^moleoilar State 

S420: a state where weak X-rajr collides wxtfa. stabilized atofia&Anoleoules 
S430: a state where stabilized atoms/moleculds have 4ions 
S440: a state where electrons combme wiHi stabilized atoms/moleciiles 
S450: a state '^ribere atomsAnolecnles combined with electrons have -40iis 
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DESCRIPTTm>J rnr T RE PREElmtET) EMBOmT yj^si 
1. The struetusft of fhe xavmdon 

A device for removing eledrostatio ohfliges on objectt using soft X-iay 
5 according to the present invention comprises a W part (1003. a soft X-tay 
protecting part (200)» and a power contoolljng part (300). tlie head part (100) 
neutralizes asid weakens electrostatic charges of bodies fiiat are olBccte of removal 
of electrostatic charges by generating soft X-ray having w&velengt&s in flie itOige of 
1 ^ ~ 1.5 A with high eneiKy fiofli a soft X-ray tube tiiit is aA ioii generating tube 
10 iwing ftin film of Be evaporated with W as Wow material, and ionizes gas 
molecnies directly and also rianoves electrostatic charges ia atmosphere of inert 
gases (Na, Ax), tie soft X-ray protecting part (200) WJ^w the head part and 
prevents that soft X-tay is leaked firan said head part in older fbst worker may not 
be bombed by ladialion. Hie power wmtroUing part is connected to. the head part 
15 and the soft X-ray protecting part electrically and provides target voltage.tp conttQl 
flie ion generation of muneoi voltage of a aoft X-niy tube and soft X-ay tobe with 
the soft X-iay tube in order to control the ion gcauoatinn so that the head part may 
generate soft X-iay appropriately. 

It is diaracterized in that the invention removes the electrostatic 
20 the fiu&ce of charged bodies by generatmg ions or electrons by ionizing gases 
suEroimdiog-chaxged bodies. 

K is charaolBrized in that the soft X-ray ptoteeting part is made of iron 
plates wiOi thickness of imm and interlock swtch controlling whether the power 
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Ibe head part dote not generate soflX-ray. 

It is characterized in Uiat tile Tihwer ^o-^—iv 

« ™t tae power coiitioU«g part oonHols anode voHage 

5 voltage) ana fOaaieat ctiiientV using PWM t . 

»f usmg rwM modidator and pulse width 

wnttomg mefliod aod switd^s to a fiequencv of 3mm, w 

frequency of JOKHz by constnicting half 

Mi. FET ». *e PWM ^^^^^ 

^« co^ va»^ of 9JKV.^ ....^^ 

vd.^ ,„ . a»« . ^ ^ ^ ^ ^ 

» i. h «« a. ^ ^^^^ ^ 

vdta^ ^ ^ ^ ^ ^ ^^^^^ _ 

do*u,« «cdfe* i. ftd^ fl„ 

fi3cing ceramio sojft X-iay tuba 
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It is characterized in fli^ th. soft X-iay tabc consists of vacuum tub« for 
geaoraaig soft X-ray by ge^eralbg ions and tube i. used for comroffing 

heat graeration of soft X-xay tabe. 

Itischatacterized«aattheeff«^^ 

tttar a 6ha,Bed Wy to ge^ ic^ or ete(to«,s and remov^^ 
oa llie smfec© of the ciiaiged body. 

Oa fte other hand, a soft x^y ^be maMfectoring method used ih an 
eleci^static charge remover nsiflg soft X-t^ retoovmg elecfrosta& ohaiges «i tic 
BUt&ce of a charged body by gancnting ions or electrons afiar ittadiating li^ 
With Mih energy (wavdengOi in the range of m ~ i;5A) and ioriiring gaseous 
molecules direcUy to remove electrostatic changes in inert gases too and ionizing ih« 
^trouMing eases the chargedbody.And the 

painting Mb^Mn pa*: xrtlh flilk oh cerandea . to get metaJUiat^g coat of a 

c«annc h&e and Aen heating ^ Mb.Mh parte niider hydrogenous circumstances 

at 1,350'C fer two W and cooling ii, a step (s40) for phiting noDHflectttjlytic 

nickel on the metallized suifeee afl« 4e cooling, a st^ (s60) for decldiflg a 

filam«at>s diameter accoidtog to Ibe quantity of eleettOfls to Be genemed ^ 

turning the fihaient fl«nnd a round st^el bat predetemj^ 

bar out of the filament and coating the filament ^ LabaO after the nickel plirting. 

a step (s80) for coating anode n^al <a a Be .wind(W pla^ 

Wherein edge to be brazed is left not to be coated and accordingly filler metal 

-13- 



WO2005/0182S7 

PCT/KR2O03/OO204(5 

coasi^ Of Ag of 73«/o azd Cu of 27-/, flows ov«r the coated anode s«&ce .nd 
prcv^iits the effidency fiom dropping, a step (slOO) fer co.tiag W over the Be 
tmdow plate by using a filt^d vacuum arc source (FVAS) coating device after fk. 
anode material coatii^ a ^p (^120) fbtpetfbnninglugh vacuum Grazing l^u^ 
an excl«sh^ vapoum itoimce and heating 

Moheat«andincre8sMgtIx.dfigiecofvacunmupto 4xI0-^T«rby using at«bo 
molecular pump and a rotary pan.p, a st«p (3I4O) fdr making fee vacuum 
««*^«stiaaof«totci4,toane^^^ 

ami maMng ev«y material melt and fiam a body if it is over melting point ^ 
^mbossitig ffllet metal and btazine it in otdc* to ke^ the degree of vacuum as higb 
« possible, a step (S160) for inserting a getter tto fa degased at 450-C as a non 
enr^ble gettar comistiug of Zr-Ni-Wc materia! tK>sitionmg n^ar an inner 
ealiiode and acthwted in ordtt to increase • 

It is characterised in tbflt the getter is fixed, on flie outtr snrfeoe of a Tt 
cjdindcr of a cathode by^gin case of attadnng a fikmcul and the activated 
setter absorbs gases generated at the iauBr space of a dosed ttxbe and accordingly 
fhc degree of vactium is. kept for a long time and ae life of ftb t.4e is prolQ^^ 

And target voltage is 9.5KV and filament current is 150^ k oidtt to 
SenOFSte soft X-ray, 

2. Aprefcrable enxbodiment of the present invention 

to ''olve4eproW«ns described above, the invention ionizes oxy^^ 
nitrogen molecules under surtoundiag atmosphere by uang «ir ionization of soft X- 
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lay (wavelength in the lange of 1 M ^ 1 Sis 

eases genefttion of electrostatic 

charges of an obj«M;t body vrhose elertrftrt*« i. 

y wnose dectrostefac d«iges should be removed. Because 
an electrostatic remover acrnT^4«-v * ^t. 

''^^ invention doeant dnst 

particles and it is not necessary to convert air fh. 

lie present inve^on is a x>.y t^e elec^e ^ov. ^ 
^ .be ^ 

Whole h.dy.fp..«^,.^^^ 
tay window, and as a result it is fiAn.M*.^*',^^ . 

, . ""^'"''°^^'°fie«°««tedheaiandaer«foreit 

jr ^^^-^'^eeneia&ancompartdtoi glass tube " 

tjpe X-iay tube and can be driven by a STMIT X*™-. 

«^ a small power source device. A 80ft X-ray 

Senuoonductoxs, 



A preferable embodimmt of X-*av ei**rt^c^*- 

oi A jfay ekcttosiatic i^ovet according to fl^ 

.f m - ..A, . POO, ^ ^ 
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To solve the ptdbkms of fte prior aito, sn ol^ect of the predent iiiventioa is 
to provide a soft X-ray electrostatic ranover having difEferent basic piiociples wifh 
corona dischaige type. A soft X-ray electrostatic xexuova: acootding to the presesnt 
invention has dififeient princqde of i<m getteration baeicdly -with conma discharge 
lyfie electrostatio zemoven 

AlStruiutOreaaid opraalioii of a soft X-ray electtostatic remover according to 
the presait inventioil wiU be described while Kf&ashs to fbe acconi^ybg 



Figi is a block diaeiam showing an embodttti«dt of a soft X*ray 
electtostHtio remover slmcture comprisinfe as shomi in Kg. 2. a head unit (100) 
generating soft X-ray, a sojEt X-iay protector (200) iirofecting said head nmt UOO) so 
as to prevcajt woifccra from bang eaqmsed to tbe radiatiaii du0 to leakage of soft X- 
lay at siiid head unit (100) and a power control unit (300) conoected vrifli the head 
Bait (100) and the soft X-ray protector (200) dectricaUy and controlling ioftX-iay 
. gaWFatLonftQmsaidlKadugit(10.0). ■ 

Said soft X-ray fSrotedor (200) pceventing leakage of soft X-ray is fonned 
of iron plate having thickness of Imm and fer safety has an mterioek switth (220) 
cottiroliing cperatioii of said power Control unit (300) and a door (210) controlling 
on/off of said intcdock switch (220) and thereby said head umt (100) does not 
geaeralB soft X-ray while said door (210) is opened. Said head unit (100) genmtes 
soft X-ray by using soft X-ray fnbe and said power control unit (300) siqjpUes 
voltage to said soft X-ray tube, 
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s^lies ^ taigBt voltage of 9 5tv e« - ^ 

asc, »a voa., V ^ ^^^^^ ^ 

detaiL 



According to ife praject invention, imke ^, 

y«araon. pulse ^dtt modulator (cb. LT3S26 

PWMICX3ld) controls anode voltaeeV^-ro^ v 

oae voltage (tBjget YOftage) and filaaam canent 
pulse cont^l .eti.., - 

EOBrator of aimait power ^ 1^ 

as static cutreM^f 150^ A. 
ray does aot change. 
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. A.o4e voltage genttator unit comi>rises a high voltage ixamfomer (340) 

gcneratogM^ voltage, ahigh voltage doubling rectifier (350), a trai^fonner (360) 

generating fil«nei. current, a filameat cunez. ..^or (330). a tube voltage .ensor 

(370) se^dng tube voltage, a tube c«n«at seasor (380) sensing tpbe current and a 

5 P««fi-i»8'-^csoftX^ytubeandimute^ 

andlnlettit.gthe«.. Bothof alughvortagetra^o^^ 
»^»tranrfam.er(360)gen^li^fi,a«e„,^^^^^ 

a«l. iatins «nl»dime„t. apoWof about 7Wi^ 

Said soft X-zay tube (150). v4ioh is an ion generation tube, con^ts of a 
10 vaouumitabegBDfiiationiQnsandgenerati^ 

ray the tube has a tatget (or.;in6ow) u^ng „«tenal. ^ch is made by evaporating 
W (tungsten) to ftin fihn «f Be (beiylliwni). 

Said soft X-R^r tabe (150) comiAises a soft X-i^y tobe that contains 
filament (157) andmetal target (BefW) and ahieh voltage gene«^ 
15 X-ray is gene«ted by coDidon.of electrons to ^ ^^-^t, ,du^ ^ 
electrons are generated by.said filament (157) and accelerated by said Mgh vollage 
generator uniL And 390 is arefimSce comparalor. 

Hereinaaer liie operation and rffeets of an ion generation tube (150) 
20 •"^'Oi^ to the i«sent invention vrfU be desc^Tp^a. Fi^^ 

ammged parts of c«randc transnussion positively polarized soft Xnay tube and Ae 
soft X-iay tube can be manufactured tteougt several processes described in the 
following. 
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Mrtallizfid film of cezamic cyliader (155) is obtained by painting Mo-Mh 
paste With silk screen on ceranuc heating at 1^5010 for 2 horns in hydrogen 
atmosphere and cooling it. Whea brazing, so M to increase ^ess degree, the 
metallised sm&ce is plated with non^dectrolytie nickel. 
3 TMnmBn fflament. (157) is decided by ihe quantity of electrons to be 

generated and in the embodiment of flns inveutioftfhc fikmcat haXong a diameter of 
0.125imn is nsed and it wound 12 toms around a St^ bar having a diameter of 
1mm andihe steel bar is removed and the filament is coated ^thraBaO. 
• ■C«»tingonfhebttyllium,»indowplate 
10 P»«tobehrazedisi«rtcoafedsoastnpxevem^e«^of<^£^ 

mow of filler metalling (152) conaistBd of silvaf (Ag) of ^% and copper (Cu) of 
27% onto fl» sar&oe coated v«lh anode material. In cdatiiig of beiyJHum wdow 
plate (151) tuagsten, FVAS (PiHeted Vacuum Aic Sowcfe) coatf^g equipment 
is used- T6 get a high degree of vacumn fa^aang. . a yaciom ftanace is used. 
15 Tfenqnaatiire reaches 19 to SOOtJ by molybdoman heata; and vacuum degree 
roaches itp tp 4xl(r'Toir by turbo moleodkrpomp and rotaiypump. 

In case of brazing in order to maiiUain the degree 6fvteuuln m 
high as possible filler metal is embossed aiid &cn. used, ft is because in c^^ 
brazing jnncdon in orte to smoothly eriiaust air for vacth^ 

20 vacumncomlititmiuatubebymeltingeveiymaterialandfbrminsW 
body tvhentheiimfcrtenipcratuie is overameWngpomt 

To lengthen life span of a tube, a titanram foU cylinder; i.e. a Getter (156), 
a non evaporable getter, ctmsistfid of Zx-M-V-Fe and the getter is activated t^Je 
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tbxough. degassing sd; 450 IC is iBsetted into fhe ciicumferences of aiL inner negative 
pole of the tabe. TVhcn a filament is attached, a gett^ is fixed to fiie outer soi&ce of 
H cyliader of negative pole by spot welding and when braziiig is made, it is 
activated at a temperatare of above ASOXi in the high vacuum condition and the 

5 activated getter tdaintains vacuum degree for a long time by absorption of gas 
generated at a closed ta1:ie space and lengthens life span of the tube* 

In here, 153 is an anode plate, 154 and 157 are filler metal rings and 159 is 
a ceramic pinhead Assembling ISl to 159intumiiiakes ISO. 

10 Fig,5 shows an ion generation principle of soft X-ray gaierator according 

to pxesQot mv^OA* S410 shows a stable atomic/mDlecular condition, S420 
si^Qfws a coUisioti state of feeble X-ray and stable atomlcAnolecular, S430 shows a 
(+) ion state of stable atoms/molcdules, S440 shows a bonding state of electrons and 
stable atoms/molecules and S450 shows (*-) an ion state of atomsAnolecides bonded 

IS with dactrojis. 

As shcnmo, because a soft X-ray geni^afor irradiates light having high • 
energy (a wavelength in the range of 1^ A -1.5 A), electrostatic charges can be 
r^oved even in inert gases tbrougb ionizing gas molecules directiy. 

In -die ptiesent invention, tacget voltage for ge^ientfing soft X;*3tay is 9.5kV, 

20 filament cntrent is 150^ A. 

The characteristics of soft Xrray electrostatic remover described above is 
that it talces a very short time to remove electrostatic charge; ^emaiingog Qleott02tatic 
voltage is v&ry low and electrostatic charge can be removed even in inert gases at an 
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atniiospheric ccmditzon because lugh desQsity ions can be generated. 

An electrostatic remove using soft X^-x^y iomsGS circumferential gases of 
a charged body and generates ions and lexnoves electrostatic charges £bom fhe 
charged body. Differently Scorn the eadsting deotcostatic remover of corona 
5 discharge ^pe leqiunng air blower in order to returning iona ^ this rftmnver' nrwiTig tn 
nsmg soft X<sy can remove electn^statio charges ^ven at a wisdless drcumstanee. 

R^inovfcg ability of a soft X-ray electrostatic remover according to thp 
Itf^ant iAvencion caii be refuesented by a rate of taken tiine to decrease a simulated 
charged voltage up to 10% and ion cunrent If electrostatic charges arb neutralized 
10 by ions and electiostafic remover has a good ability to generate & number of ions, 
then electn:>statxc charges would be removed in a sliort timB 

Baq)eiimeiit$ of a soft X-zay electrostatie trover according to the £nc6sc(Dt 
invention have been carried out about an installing distance between a charged body 
and eiectrostatic remover and an installijag angle of an dectrostalic removen 
15 Results of the experimeots are as follotvings: . 

- 1) Listalling distance can be selected aeeotdjng to a charged state of a 
cls^rged body aiad the experiilLent shows that electrostatic cha^^ cm be ri^oved 
efiectively up to the installing distance of 2,000mm . 

2) Removing efficimcy of electrostalic charges according to dianges of tiie 
20 instaltiug angle of an ebctrosriadc repojdver has not a lot of cbange but are excellent 

relatively at an angle of below 115°. 

3) the maximum values of ion c^urrent generated from a soft X-i^y 
electrostatic remover are +63QdA and -523nA. The ion. curxoat increases up to tiie 
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installing distance of lOOpxm but decreases slowly at the above lOOnun and it 
decresses op to ll^l&'oA at 90Qizu]i. 

4) A soft X-iay deotrostadc remover according to the present inventioii 
does not cause pollution due to coipuscles and dust particles and is sxiitable for 
5 manufecturing processes of suidi as semiconductors, TFT-LCD ox PDiP. 

A soft X-rtiy electrostatio remover (or light iiradiatibn type electrostatic 
remover), according to the present invention ionizes circumfecntial gases of a 
charged body and g^erates ions and removes electrostatic chazges on the sittfiwe of 
10 fb& charged body, Theiefore a soft X-iay eleettostatic remover is efifecfive undi* 
cnrcumstances of atcnospheric ioert gases or having oxygen (i.e. air circunistance). 

As desttibed above, an electrostatio remover accordi&g to the present 
invendoQ neutralizes or mitigates eleettostatic charges generated fidm the 
T n ann f antii riTig prociasses of an object iieajing electrostatic remove sfch as 
15 combustible powder, paints, LCD, PPP aad semiconductors, and.uses soft X*r^. 
lierefore ail electrostatic rediover according to tte 
the follovong advakilages coiiqjared to a corona discharge type electrostatic 
remover: 

1) Electrostatic charges can be removed uader the circunjstances of inert 
20 gases such as N2,Ar. 

2) Remaioing charged voltafie can ha TnaiTitaitit^ within ±3V nearly. 

3) Electrostatic charges can be removed in a short time (about in a second 

nearly). 
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4) It is indepcadeixl; of ckcumstanti^ gases. 

5) Because electrodes are not lised, it can be dust fiee. 

6) ElecfiQiDagxiefic iioise is not generated. 

7) Maintenance and conservation are not needed specially, (maintenance 

5 fiefe) 

The present invention may be modified and embodied in vanoiis ibims. 
and it has been described and iUostrated herein with refBrence to a specific 
enibodimeait theireofl However, it should be understood that ftiis inventian is not 
10 limited to the partiealar form as desmfaed above, and that this ixfvesition includes all 
modiBc^tionSy equLvalents and substitutes within the spirits and scope of this 
invention as defined in the '^claims" attached here to. 

IBB SXPECTED EFFECTS OFTHE PBESENT INVlSNTION 
15 Thfi present invention desc£ibe4 above ih. detail has the following 

advantages. 

First, the presesxt xnventiQnimoves decttOi^tatLc diarges of powd^ which 
is chaiged at the time of powder treatment or xzLarmfactuxing processes aiul 
depireases charged voltage to below ctitxcal pomt of fire a&d in the process using 
20 powdec, pazticularly such ss feed plant, food processing plant bi^ polymer plastic 
manufacturing plant and timber processmg mill prevents fire or explosion dae to 
electrostatic discharges by floating dust and remaining electrostatic charges in tiie 
manu&ctaiing processes of LCD, PDF and semiconductors and accordingly t^an 
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prevent pattern destmetLon and absoiptibn of dust particles due to electrostatic 
charges and ^exefiore improves yield. 

Second, a soft X-iay eleotrostatio reinofver acooiding to the present 
inveoticui is ftee firpm dust and ozone and has nearly no electrons a^xd 
5 . electromagnetio induction and oan mitigate clecttostatic voltag& of a charged body 
up to a ibw voltages. 

Third, a soft X-ray electrostatic removet using a ceramic ttAe has small 
bulk and high efficiency in genejfaction of soft X-iay oompafed to a glass tube type 
X-ray tube generalmg^ same quantity of soft X-ray and can drive by smaU pow^ 
10 source device and acconiiAgly in the maaiifactuiing prdcesses of LCD, PDP and 
semiconductors can prevent desJructian of elements caused by eleclrostatio chargos 
and therefore improves not only yield but manufecturing technology of LO) and 
semiconductors. ' ' 

Forth,, electrostatic charges can be removed imdcsr theVOTXianstances of 
15 inert gases subh as N2, At. 

FifHi, Reinaming diaised voltage can be maintained lOTtbin iSVfiearly. 
Si3tfb. eiectroslatiD chaiges can be femoved in a short time. (About jjH a 
^ondnearly) 

Seventh, it is independent of drcumstantial gases. 
20 Eighth, because electtodes are not used, it is dust free. 

Ninth, electromagnetic noise is not generated nearly. 
Tenth, maintenance and conservation ax^ not needed specially, 
(maintenance free) 
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Eleveiitlh, installiBg distance can be selected accoiding to a chaiged state of 
a chazged body and experimfiaats show that electrostatic irliaxges can be removed 
effectively vp to the instRUitig distance.of 2,000mm. 

Twelfth, removing efficiency of electrostatic chaocges according to changes 
5 of the installing angle of ah dectcostatic remover has not a lot of change but arc 
excellent relatively at an angle of bebw U5\ 

Thirtecntb, the nwarimum values of ion crrtient generated ftom a soft X-ray 
clecftrostatic reniovear are +63Q0A and -523nA, The ion cmrent increases up to fiie 
installing distance of 100mm but decreases slowly at the above 100mm and it 
10 decreases np to 17^18nAat POOzmUi 

Foniteeiafh, a sod X-iay electrostatic reimover accorfiiig to the present 
izrvention does not cause poUutian due to . corpuscles and dust particles and is 
suitable for manu&ctocnng processes of such as semiconductotSj TFT-LCD or PDP., 

Fifteenth, a soft X-ray electixjstatic remover is effective utidet 
15 i^anstances of atmoapherio inert gases or laving o3^gen (Le- air crrcumstaiice), 

Sixteezitthy a soft X-tay electrostatic r^odover neutralizes or mitigates 
electrostatic charges generated from manufecturing processes of an object needing 
electrostatic removing such as combustible powdca; paints, LCD, PDP and 
semiconductors. 

20 



-25- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



LXREFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




